Abstract-The present paper describes the design, implementation and impact assessment of challenging and interactive learning experiences about the foundations of Calculus from the perspective of electronic circuits. Such activities were designed for undergraduate students of the areas related to Information Technology and Electronics and aim to explore context-rich problems as a teaching strategy for stimulating critical thinking, collaborative work and the use of new information technologies. The effectiveness and educational assessment of the developed activities are examined using the normalized gain metric from a diagnostic and final test, as well as an opinion survey; both applied during the fall 2014 semester to volunteer students enrolled in various academic programs of Abstract-The present paper describes the design, implementation and impact assessment of challenging and interactive learning experiences about the foundations of Calculus from the perspective of electronic circuits. Such activities were designed for undergraduate students of the areas related to Information Technology and Electronics and aim to explore context-rich problems as a teaching strategy for stimulating critical thinking, collaborative work and the use of new information technologies. The effectiveness and educational assessment of the developed activities are examined using the normalized gain metric from a diagnostic and final test, as well as an opinion survey; both applied during the fall 2014 semester to volunteer students enrolled in various academic programs of the School of Engineering and Information Technology at the Tecnologico de Monterrey, Campus Monterrey. Preliminary results are analyzed by academic program, advancement in the curriculum and methodology used; with the intention to draw recommendations for the eventual implementation of these activities in a college calculus course.
I. INTRODUCTION
The teaching of mathematics is an important goal to educate citizens with critical thinking, i.e. with the adequate skills to identify and solve problems in any context and to express, test, revise or even reject their own ways of thinking [1] . However, it is often difficult for engineering students to apply what they have learned in previous math courses, leading to a mistaken belief that mathematics is not relevant for them. For example, Gainsburg noted that there is a difference between mathematics used by professionals and mathematics encountered in schools and universities [2] .
In order to overcome this mistaken belief, the development of activities that enable students to recognize the importance of mathematics in everyday situations is required. Therefore, the proposed approach builds on the same inductive philosophy of inquiry-based learning and problem-based learning [3] to study a new context for teaching calculus to undergraduate students of the areas related to Information Technology and Electronics, which aims to explore the foundations of calculus from the perspective of electrical circuits and/or analog electronics as a teaching strategy to stimulate critical thinking, collaborative work and the use of new information technologies.
II. DEVELOPMENT
In an attempt to evaluate the teaching effectiveness of this transpositional approach, a pilot study was designed based on the following contents of a differential calculus course at the undergraduate level [4] :
• Definition of a function and its several representations.
• Continuity of a function at a point (f: ℝ → ℝ).
• Lateral continuity (f: ℝ → ℝ).
• Functions defined by intervals (f: ℝ → ℝ).
• Continuity on intervals (f: ℝ → ℝ).
The study involves the design, implementation and impact assessment of a 1.5 hours learning experience, comprising several strategies that complement each other and are described below:
A. Diagnostic Test
Previous to the experience, all students took an individual test about the theoretical foundations of the topics of study. The diagnostic test consisted of five multiple choice questions with increasing difficulty level, which were applied through the online Learning Management System Blackboard Learn (Release 9.1) [5] . This allowed to offer the student a direct, specific and immediate feedback on their previous knowledge on the topics.
B. Tutorial
At the beginning of the experience, 50% of students collaboratively analyzed by theory, simulation and experimentation the behavior of an electronic circuit that was specifically designed to relate the topics of study to a realworld problem, as shown in Fig. 1 . The other 50% of students only performed a theoretical analysis of the circuit.
C. Final Test
To conclude the experience, all students took an individual test comprising ten multiple choice questions with increasing difficulty level about the theoretical foundations of the topics of study in the context of electrical variables, as shown in Fig. 2 
D. Opinion inquiry
After the experience, all students answered a survey with a Likert scale of 1-5 (where 1 indicates complete agreement and 5 indicates complete disagreement) on the following aspects:
E1) This activity allowed me to understand the relationship between the topics of study and reality.
E2) This activity innovated my learning experience. E3) This activity included technological resources that added value to my learning experience.
E4) This activity demanded my best, maintaining a high intellectual challenge for the benefit of my learning.
E5) In general, I believe that this experience was excellent.
The overall experience was applied twice during the Fall 2014 semester with a total participation of 48 volunteer students enrolled in various academic programs of the School of Engineering and Information Technology at the Tecnologico de Monterrey, Campus Monterrey; of which ~ 21% of them is enrolled in an international curriculum modality and ~ 46% of them have more than a year after taking the differential calculus course.
III. RESULTS
The results obtained in this pilot study are presented in Table I , where the normalized gain is given by
where Tf and Td are the average results of the final and diagnostic test, respectively [6] . As shown in Table I , students from the international modality obtained in average the highest normalized gain (g = 0.52). In addition, they all are in complete agreement that this experience allowed them to understand the relationship between the topics of study and reality (E1 = 1.00) as well as that it demanded their best, maintaining a high intellectual challenge for the benefit of their learning (E3 = 1.00).
Moreover, students who performed analysis by theory, simulation and experimentation have in average a better opinion in all aspects (Ei) than those who only performed a theoretical analysis, even when there is no significant difference in their normalized gains (g = 0.38 vs g = 0.37).
It is also noteworthy that students who have more than a year after taking the differential calculus course averaged a higher normalized gain than those who have less than a year (g = 0.41 vs g = 0.33) , even when the average opinion of the latter is better in all aspects (Ei) than the former.
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IV. CONCLUSION
In this study we have provided insights into how students deal with calculus problem solving. The effectiveness and educational assessment of the proposed approach have been analyzed using the normalized gain metric and an opinion survey, with a special emphasis on the major challenges that students experienced by academic program, advancement in the curriculum and methodology used.
The study supports the conclusion that a course in problem solving -or similar teaching -is important in the curriculum. We can add that this transposition approach has been exceptionally well received by students from international modalities and at early levels in their education, which generally acknowledge that the use of technological resources add value to their learning experience and give them a significant increase in their analytical skills.
On a more general level, we see cognitive apprenticeship as a promising framework for teaching and learning in higher education [7] . A fundamental component of cognitive apprenticeship is that teachers model and verbalize the cognitive processes that experts engage in when they solve problems. This act of "making thinking visible" [8] is preferably carried out in collaboration with the students and by using real-life examples. We believe that this approach to teaching also has the potential to enhance students learning at higher levels. 
